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(54) OPTICAL INTERVAL SENSOR 

(57)Abstract: 

E: TP obtain a sensor having low 
sens.t.v,ty and a high data rate regarding 
high resolution and two-dimensional 9 
reflection by providing an illumination beam 
having smaller diameter than that of a 
measuring beam in the pupil of a scanning 
objective lens and a beam splitter 
CONSTITUTION: Many focuses are realized 
• b n y d '.y- d ' n 9 measuring beam to many 
"dividual beams of optical systems 152a to 
152n, d.aphragms 153a to 153n and 
*b Photodetectors 21a to 21n. Illumination beam 
1 8 .s generated by a laser 1 0, and deflected 

mirror 5 by an out 
couplmg mirror 150. The mirror 150 reflects 
the beam 18 toward the surface of an obgct 
40. Further, an objective lens 6 for 
simultaneously introducing the beam 18 and 
provided. The aperture number of th^hf 1 9 '" n both the directions is 
at the measuring po.^^^ that ° f the beam 

introduced via the lens 6 is aaafn S \ th f object 40. The beam 19 
then spit in a beam splitter i |? t0 the mirr ° r 150 via th e mirror 5, and 




SMESEE^ « **- ^ —or by 

electronic flat module, and image fonSLSfn h?^' w° r inSp6Ctin 9 especJally an 
to calculate a height value, and ?m Sffc^ °* ° n a front fac * 'n order 
three dimensions, The scan objectives 35?1S? ! -J? 06 meas ^ement of 
unit, and the lighting beam (18) and fhl " e =l h ' Ch '* ,ets the Deam deflection 
front face in the shape of a step pass 5 , n SZT*™ beam (1 9) for scanning S 
photodetector (2) arranged to the ouncfifr, m n hf aCm9 SSnsor wnicn has the 
the lighting beam (18) which a S^TJSm at the parfoca ' * has 

measurement beam (19) in the nunn of ^ d,ame ter as compared with a 
almost equal diameter of Jhe' gh^ belnT^T™ lena (6) " " has the 
object front face, and a measiS^^Jf^i^ ™ easurin 9 Point on an 
larger depth of focus (T) than a melsuremTi k } ' A '£ ht,n9 beam < 18 ) has the 
beam division unit (154) for divinTn^f nt beam ^ 19 ,n th at case It has a 

052 a-n) and the ffie^Xl^r TT* ^ < 19 * ^ system 
direction of the measurement beam S K' f ?? are arrar >9ed in the 
arranged in the direction of the > meaiulmi ?f beh ' nd that ft is sh «fted and 
focus (T) of a lighting beam (1 *8)T^2Zf a^K ( ?l dMded ,nto the de P th <* 
hf '?K ht V u Ue in that Moreov^hrheiah 3 ph ° tode f tector mi 9ht distinguish a 
by the photodetector which has the maxSon^f ° f time is rec °9n^d 
spacing sensor characterized by hlvinr I h- P ? 3 ' re,nforc ement. The optical 
currently designed so that imaoe formal d,ameter of the photodetector 
(18) which changes v*K^ of the lighting beam 

S£K 2?Th° aC , CUr f Cy in the dep^^f focus (T ) Photodetector of the 

eaS^ 1 characterized by 

diffraction element whic divides m^"* ^ ° 9) ' the sin 9' e °Ptical ( 9) " 
which it was set to a lameTumber tenrl T?* beam < 1 9 > in the direction in 

direction of the measurement^rm (iTdSd fotot^ 3nd arran 9 ed in tba 
lighting beam (18) in order that * a,v, ° e(i mto the depth of focus (T) of a 

height diameter in that cas ^£^^ 0 ^f^ ^ a 
cla,m 1 characterized by reco^fontL k °P' Cal spac,n 9 sens or according to 
Photodetector which has the maxlmur^ ^ 1 Phase of each time by the 9 
[Claim 4] The oDtical max,mum °Pt'cal reinforcement 

arranging -iffSoft to claim 3 characterized by 

rcS^f 01100 e,ema nt y an7;n7hfbac k f ° Pt ' Ca ' ~ d»«) -n front'of an 

U22 of a.mo a sTp?nS^ £ f « 38 Which tha 

to extract ( 1 53 a -n) thrufor S^SSZ^ 



«*■* [ the scan objective ,ens 

one (153 a-n) - many coto e o^?^^" 86 ° f ^ C °'° r 1 ° ne ^ 
or 5 characterized by being des aned so thS* 9 ° r accordin 9 to claim 1 , 2, 
with a sensitive photodetector * C3n 8CCept with re 9 a rds to a color 

a central hole in order to separate a "ffi™ £ ^ ° 9 m,rr ° r (150) which has 
beam (19) thru/or the ODticllsDarinn £ 9 / m (18) and a measurement 
[Claim 10] Claim 1 c^S^^^^S^ 1 ^" of ^ight. 
measurement beam (19) in a m«S,,riS ? aperture include angle of the 
least 2:1 thru/or ttaffi ^ senlo^on^ 8 I!?™" 9 beam < 18 > being a * 
Claim 1 1] Claim 1 charartwbS 5 ne P ub,,cati on of nine. 

by the tele ceni FnitaEK^tE ontS ' enS (6) bein 9 consti ^d 

ten. CK inm/or the °P t,cal spacing sensor of one publication of 

Sa^ 

exchangeable ' the ^ * «>cus , and the 

scan objective lens (6) thru/o the oXI^n Unng range of res olution and a 
[Claim 13] Claim 1 cU^S 

compensation unit with which intend ■? & electronic formula 

of the measurement bean (19 £ varbuf nho? h" ^ * he Unequal P artial beam 

K, r ;^sK sp r in9 ^^sks^^ compensated 

curve in order for elprtmnir* w™. 

photodetector (21a thru/o nl3 5 a mpnfier (22a thru/or n) to **** in a 
spacing sensed olon^puoSaTon of T the optica. 

th t 6 Sbacin 9 sensor about the norma, 
observed also from a topC/~ tte ^S^? ^ dimension s can be aslant 
14. ru/0r tne °P t,cal spacing sensor of one publication of 




DETAILED DESCRIPTION 




[0001] 



I 



mounted densely. 
[0002] 



so,de ri n g Part 

of a band constriction, the dtrtbv the particle an~n 1 1 3b ° Ut the 

arrangement of a connection Dad ^h^ ' •? ? «>ldenng part, right 
dimensions object in h"gh resolution TnT.ZT- ^ ,ns P ection °' the three- 
according to buildup oHhe ^S^^,iS h ,nspection rate indispensable 
The micro patchboard [ finish ^SS^ST^ microe,e *™ics. 
be inspected automatically es P ec,a "y un-mount.ng or mounting ] should 

for Photoing the height raster image 
on the front face of an Set untn L k ^ ,ch exist in the three dimensions 
triangulation method A la se teiJ «I * S8 ? main ' y ° n the s °- ca,led 
Two flat-surface position 7Zr ^J^?" 8 ™ ™ nt face ° f an object in that case, 
relative location between a SSISSf k SPeC ' fic Surface point are know " by the 
assembly, at least o^fobfectivrrn 9 . & T Z l" 9 ™" 9 beam - and a ^ 
surface point b *wh°ch c ?5S?^™ ^ the height coor dinate of the 
- a location - it conned to a Z^^Sl^ T * arranged in the sid * 
position coordinate of the three Snln ' S detected - this way, the 

determined. A specific elorZ JnT^ * ° f many surface P° ints ma X be 
assembly maytJ^^^^^XIS T" ^ ***** 3 '*» 

S AM-h idea J surface •™g.^^,^ wiwn80n with the surface 

WSf^ proved in various 

surface point of an object that 2 nltf S ' J f the reflec ted light from the 

is photoed, there !s fear of toe ZV.™™* CO,,iding P oint 

about a remarkable measurement error wten fnl F\ J** iS we,Mnf °™ed 
Since the small object located in i hT' fr ° nt face is shinin 9 strongly - 

comparatively la?ge ^SK^i^S2^ n fc ?° ther W ' th 3 Very dense 
detected. In orde to keen sSi il ' ,n f Cases ' ft must have been 
generally the image fon^atfon te , hI?^'^ ( Scheim P^g) conditions, 
required" When tois tX^^SS^^^ * n0t ex P anded «■ 
high power flux density It restricts toa?^ ht h mea * uremen t spot, it passes to 
detector front face of onnit^d no h I h ' 9h power flux den sity on the 
activity of a Ph^ a scan speed. The 

image formation scale themfnr* hIHI . ate> " For example, an 

easy exchange o he o£t^ reSO,Ution again are n <* known by 
[0005] The oaoino cwSf? ! * 3 SenSOr s y stem until now. 

scene^tnTs' ^S^^SS^l^^ 3 " a « 

selectively. The robotic-vision ™2»L 6 ab ove-mentioned fault 

has adopted the straThl fne nhnt ^ C ° mP3ny (R ° botic Visior ^ems, U.S ) 
Photo diode in ordeT f ivold the n^?^ ,nStead of ,on 9itudinal direction 
Incorrect measurement! ^SSSSS Sr™* by S6COndary reflecti °n- 
and it is eliminated. Howeve the dat r«?^ 6 assessment SOUTO wear, 
strongly that it is not ^k^fi £»o*5~ ^ *° 



d 'S^ of longitudinal 

incorporated company (Japan) deSl^^^^?^^ ,ec ^u'Pmert 
directions. Assessment of a detector T„? y S em observ ed from eight 
algorithm. Thereby the certaintv «?* 9 S performe d by the suitable 

shining becomes llgll ^^url KESZ H ^ fr0nt f8Ce Wh,ch is 
of about four sensor heads which have pJnhf^f ' C f " y ex P en sive by the activity 
disk which carries out a high^^^SE,?? 8 ^ each sca ™ed with the 
be measured in a deep hole. LW^Si E"*^ 1 *' thls svstem cannot 
attained for the problem of th^Zltl . n tnan 40 micrometers is not 
the ^high-speed revolution of a sensor nead^ ° PtiCa ' ad j ustmen t in the case of 



[0007] the conduc or wrth wh^rLn" , 
factory (Japan) was moun ^ 

include angle of specular reflections measured ~JL- P % B tOP * S SCanned a "d the 
determ.ned by the integral by assessm^? nf T 2"?* may be ab solutely 
surface of components Howevlr larnTr Hi° \l SO ' der,ng ^ or the slope of 
detected. It is not measurabT h 'h Sh o th2 4 * de ? re6S must have been 
by that cause. The measurement in a !m« l h , ° bj6Ct Whicn nas a ^ica! wall 
rnn^ mUSt have been e'Saled *" h °' e ' S n0t P ° SSible - and secondary 

UanJ OMRON life-science lab 

reflection was carried out A samol ? ■ ?.h * ?7 l h& '' 9ht bv whicb specular 
various directions. The lighVb 'wh 5, .2SK2 \ ^ CO ' orc fr °m 

^ed^^ J 

SSd£T^= to —em of 

which J gene^y Sffi^ f -tion produced in the soldering part 

invites incorrect information and fhes±N. meS ?? eSpeCia,,y SDecu,ar 'eflecSn 
soldering part which adjoins IntheJs^S* . ? " he, ' 9ht Va,ue to the 
it tries hard toward the actMt 'on th^ sm a , fr ?nT t^* 6 ?^ fr ° nt face " Ther efore, 
measuring point which should be carried ou ult °< ° f a detect ° r Deca ^< the 
s.nce only a perimeter is detected^med.ateir f ■ f °™? tio " bv '"is at present - 
synchronized triangulation method reToeS a h J" 6 aCtivltv of the 
detector front face through a scan oSel^^n et f ° n beam is tumed to a 
(rotahng polygon) by the deflection eautompnt att k * beam defle ction unit 
case. Image formation only of the hetoh w ^ Sd ,n the ^ side * in that 
detector is carried out by the Tbearr >d^2 °\u the CO,,id,n 9 P° in t to a 
measurement beam (detection bZ^ W ' th which ,j 9 htin 9 and a 

made thin by it, and second^ ^S^ST^. 3nd this mav be ^itably 
Thereby, the turbulence echoTerticai v nr.H SCa ? nm9 directlon is mad e dark 
removed. It is necessary ^oto ^^f^^, ° 3 scannin 9 direction is not 
measuring point only from solrp til .f t6m Uem,t su"s colliding point or 
this passes to 00^^^^ m ° Unted dens ^ " With ablate, 



roomi Th w,uo,au,c snaaing. ' a M^ie, 



punctifotm light source usually defined with = ^ • u 
sample or an object in that ca,» Vh= „ a drawing hole is carried out on a 
the focus of the opto! systS of tST" 1 , °? °f' ^cement is located in 
flat surface ] in that case (nlrfocah ^ f Ua " y f an ob ' ect and a detector 
it becomes. ,f an ^^^^^S^^}^^^ will be hi if 
strong measurement beam will arise in fm„, l, f0Cal plane ' breadth with a 

£Kf^^ffi£ P^^ted on wor, "3D profi ,e 
besides reference And™m e 38«h laser >u scanne ^ SPIC collected works 
U.S. Los Angeles, andJa^a^oT^bsg K!"' ^ peering!,,, 
and 3 that an object flat surface and « i . s es P ecia "y shown in Figs 2 
within the limits, 'respite? tSS^SSV^ f ^ are located in >™ 
Jjc. lens and a beam ^,1^^^ P °' y90n aS 

and a.condary light reflex ^S^t^SE^A^ 

[0013] y 

pa°rf of 9 darmT' em) ™ S brob ' a ™ * -fved by the 

[0014] 

SSSSr.SK l e rce e Ty^ h c ^f m ^ arf -' Pnnoip.es operates 
punctiform on an obiect im a «« f~ * 9 formation is carried out to 

was earned out JronTIhe obfJS tSSS^ FX WhiCh "» Scattering 
punctiform. The object and he 2. 2 , the de,ector °' almost 9 

lighting or a measurement "belm The' ^^S^ * in the focus ° f 

connected to the high resolution „ HI f pth of focus connected to it is 

^%^rZTo^ a ^r «-* ^u,d be photoed Is 
t to be similar to a Manhattan ^SSS I and^ £? 9 J n< ? ude an£ " e in "nether for 
front face of an object vertical at !S m be able ,0 do to ,ha normal on the 
to which a lighting W *an? a mea?u re m STSl"*''? !f SCa " ° biectiva te "s 
used and the diameter of a lighttng j^ fj? Ied sim "ltaneously is 

measurement beam small far »1 ~£%P foists of diameters of a 
observation is perform^ thfX te — £ rea ^Pri"9-supporter 
way, in case all the beams that dToart?™ IT COn . e , ° fan ° b j e «ive lens. In this 
for an object front face are measu^memTt resoei Ti" 0 '"' ° f a ,i9h,in 9 b«m 
which^nbutes for detection is farther"', .'haXaf of 1%SSXX£S3 f 

loac 6 ^ sci srsassr ,hat sufficient data •* * — - 

Parfocal principle. In orter 1 ^ ttEH^SSf SSf ' S deforma «°n of a 

oDject shift of the comparatively late 



longitudinal direction in thp mqp n ft^ u . 

rasterization was carried oufand th direcHnn^ ° f 3 SUrf3Ce imaae b V ^ 
almost punctiform which ^'s^htL^ 3n 3X,S ' the Photodetector of 
and operates to many juxtapos" " ,nto ™^ 
height measuring range where it is a ^nZ f A " P not odetectors are dividing the 
change height and which is beforeharS owtn J^^t^ an ° b * ct ca ™°t 
beam if it becomes. This greatest heiaht m^c thG depth of focus of a "'Qhting 
Phases which can be decomposed I w?hou? m^h" 9 '" S diVided int ° ma W 
way. Therefore, the PunctifornTohot^ of an °°j e <* this 

beam into which versatility was dMd«f2S f I* 3b ° Ut the "measurement 
photodetector is designed sTtha im^l t ° be arranaed - The diameter of a 
beam in the depth of focus ^chSes^™ ° fthB diamet ^ of the lighting 
carried out into the photoderctor nSSZ k measurem ent height may be 
suitable each time in the dSh ° focu^ The heiaht P^se 

£o^ 

used « attttS^Sffi ° b f e thiS T the diV,der T is 
costs, it is the beam division un of the iSSSSSST device to P 
dividing a measurement beam to the indlv.JS k 7 h [ S ,S app,ied a,so w "en 
[0018] The simplification on struct^ k i« ldual beam of ab out 20. 
diffraction element. The ^eta^SSKS^^ "J** ° f 3 S,n9,e optical 
«n the direction in which the measurement b63m d,Vision unit is dlv 'ded 

original detection method is SernT^e . W3S f* t0 3 lar 9 e numt >er. The 

optical system which suited Z the > fnf t?l ™ S emb °diment are in the 

element instead of the optica svsLm o!5Jh ?,? Ct,V,ty ° f an 0 P tical diffraction 
beam with which each ^i^^^t^ int0 the measurement 
system is usable. This is used before ^ ?t^rJ rt H d ^° n Unit ' sina,e °P« ca ' 
back. In this way, all measurement beams « ?2 d ' ffract,on e,em ent or for the 
were divided are drawn throuoh ml o T ,° r a " the mea surement beams that 
defined intensity ^U^^^^^SS^'J^ h0l ° Qram Wh,ch has ^ 
RlflSSSr OPtiC3 ' diff ^ E h s e ed diffraCtion mating or 

Se 1 Se^^ by drawing and 

units are punctiform photodetectorT^^^ f°mb,nation of photo diode. All 
drawing is located in foca?wrth^ th ' S Way at the P arf ^al if 

applied to all the drawing ^ThotoZ ^ J measurement beam. This is 
f0020] The scan objecKns amlnd^ c 3 ? P ' aced on the Partial beam 
further caused with a teverTc muc ■ w*tl. t*. chromatic aberration may be 
advantageous embod ment S wav f' en 9 th 's used for another 
beforehand Q*2JtS^^ ~nnlnfl zone 

Phase where the depth of focus rangj el ch ^, f 3 ™ h divided lnto ea <* 
one, ,n this case. After light passes d^winn . °' ' S '° Cated in a ,ine °™ by 

Photodetector, light — s in a cob r andTd^Tded^ ^ ° f the punctlform 
diodes. ' dna ,s a,v 'ded and is led to various photo 



™c^roma^ ~ The laser which has a 

.The latter is required when he "^SLS? en 9 th ™» l» u»d in that case 

raoin' Th I h, ' 9h POWer flux de ™ty of aser ?s ve^^f d t0 mUCh length 
[0022] In order to attain the hiqh date rltl >Z I V* advant ageous. 

•mage the beam deflection unit which sSS Vm' ° f photoina a su ^ce raster 
clear that it is dramatically advanTanpnnc t3b ' y is reauired - !t has become 
•s because the synergy of SSSSteSSSS I T«P P °' y9 ° n ln that £2 « 
rate are attained in that case, ff a (XS?SS^ ach ievement of a high data 
d.ameter with the small lightino beam ?n th ° r ' S Sma " Signed combining a 
SSS™ 1 frea uency will become oo^ih.I Cat '° n ° f a P^on mirror, a hiqh 
[0023] Separation between a linhtino k~ 

. Performed by the out coupling '^ 
adva ntag mbQdjme P t ^ 

determ.ned between the numeikSStoS 1 *° 88 Wh,cn " was beforehand 
lighting beam. aperture of a measurement beam and a 

[0024] Compared with openina of a linhtio^ k 

advantageous opening of a ^sumSSl^V ,arQe thing has 

measurement opening , anc I iShtina or^n T The ratio bet ween 
Phases which may bemeasS 

possible to evaluate the height value Sp- tK ^u"™ 8 ° f eac h time. It is 
interpolation with the object mosHv sca^S 9ht PhaSes ^ 

measurement beam is far designed area«v r^h" ,f ° penin 9 of a 

beam, the light of an observation cost wl, h ^ than ° penin 9 of a Anting 
large include angle to the normal o 'an obie^ C ° Verina the basis of a 

aaobject. This improves rasoMfon .Ima^v .^h^M ? 3Ce indude an 9'e on 
no se caused by the speckle is sto^££^*^ * jS advanta 9eous if the 
detection opening and lighting openino £35? Z V the ,arge ratio between 
should make it 2:1, while 'being a ^Z aS u^^ the request ratio * 'east 
spread include angle. 9 measur ement beam and a lighting beam 

. [0025] simplification of the ont.Vai • 
«* - a tele cent - |J °l ^S^tfgS^?™?* 6 to <* a data 
The count process which was required in ortt^ T kSaCk Scan ob ' ecti ™ 'ens. 
POs,t,on mainly in the case of the desion accuracy for an image 

onp«??,r ksack in that case is reduced ^ ° bjective tens wh ich * not a 

T^' Partia ' b - * vanous 
electronic formula compensatton unit ?h anta9eous| y compensated with an 
unequal reinforcement a* ^ proouc^ a™n n , Sit r,,' :liStriblJtion wi,n "P"^" 
hamster of a beam division unit accondln 9 to the gestalt and drawing 

-haCI^ W advantageously attained hy 

resemblance in a microscope Sec^e tenf ? rmea by the method of the 

assembiy --c^w^^ 



optical spacing sensor can be insne»rteH /w « 

device", "J-lead", etc ) ,ns P e cted (for example, a "surface mounting 

[0028] 

In^oTelT'^ eXP ' ainS the ™ e ° f a Parfoca, principle and this 

K: 3« o;r f y ] is sh °- * <***i 

based on the parfocal princ pie a^arfn^ ^ structured front face. This is 
of the punctiform light source lo^XlT'tl r in t^' 6 " ' ma9e f ° rmat,on 
drawing 1 is carried out on an obSrt iJS - * the case of drawing or 

backscattering was earned ortte^J^JZT*?? ° f the "' 9ht ^ whicn 
punctiform. When the objertand the ^S^^g***", ° f again a,most 
a matter of fact (i.e., only when it a oaSwh 6 are '° Cated in a focus « 
re.nforcement hits on a detector £ uK^?' t ^ e l max,m "m optical 
punctiform configuration ,5 saS hoth^ ° U ' d be Careful of here . e ach 
at [ the ] every ^rt^S dS^TrS ^^ST"* " Perf ° rmed ^ the fr °nt end 
has optical system 1 1 and SrJfS ^' in 81 ^ that the ,aser 1 
detector is extracted and conS of 3 an iZ ^n ™* ? ht S ° UrCe - A Punctiform 
Photo diode. The situation of a parfoca is shown K?' t &teCt ° r 2 » for exam P ,e - 
which the focus was connected ?^ 4^ y beam path of a bear " 16 
Plane about optical system 14 The samp S2 ' ^ ° bjeCt 4 iS located in a 
and 13, and is applied also to 30 and 3^ . i" 9 1*™* 8b ° Ut °P tical ^em 12 
of a focal plane, sLng beam divergence iS ' OCated in th * outside 

- ; condition is attached by the system 

designed an objective lens a^d here S o that a dmT 0ptica, system ™ * 

opening of a measurement ^S^^ 

S rnteZ^S ' det ^d by 0^1002 , it is 

object might be moved to the both s.d^ of th . ° U ™' * Was shifted so an 
^ s in setting out of the parfocl ^fifE^".* Wh ' Ch that hei 9 ht va '"e 
assessment standard is the oe^cthSl , the . r ! 1aximLJrn reinforcement I. An 
the range of the height valu?! W ' dth H " Ha,f " valu e width means 

the one half of maximum ec * u,va,ent *° 'owenng of the reinforcement I to 

n°n 0 n 3 . 2] . The c ° nfl 9 ura tion by this invention which "** s in th 0 . h 

pnnciple is shown in drawino 3 Th<* in^Zl * n the cha nged parfocal 

configuration of the m^S^n/rf^lT P ^ nt * h,n9 in tnat case * the 
beam to many indMdS 1^^™*^?™™ <* the 

measurement 

Photodetector 21 a-n, respectively drawins 153 a ' n . a "d 
rotating polyqon 5 in th«* XZ^.r ne . l,ant,n 9 beam 18 is deflected on a 

10 and the ho?e is prepared Tte nln ^ 150 in Which " is generated by laser 
the direction of the^nl tTce ^^X^^ «? ^m 1 8 [n 

-ens 6 which leads simultaneously ^n^^ 



beam 19 to both directions is former! i« », 

an object 40, the numerical P °j nt ° n the f ™ **» of 

19 fZTT* aP u ertUre of measurement ^beam 9 ^ 18 * ^ Sma,,er than 
19 drawn through the scan objective lens k a^f™ S he meas urement beam 

m.rror 150 through a rotating ^ to the out cou P"'r>9 

the beam division unit 154 follow^ ?t InrtSiE?' TT**} beam 19 is divid ed in 
concretely. 16, 20, or the unit beyond it m^?PV ' two division ls only shown 
beam division unit 154 may cXffA^ The 
3 . However, s.nce mechanical expense is 1 8 " n as shown in ^jawing 
generated by an activity or computed o a hE ? ' the activity of the holo^r^T 
may compensate for the high 'coste fnr L I ° n 9rating is a,so Possible It 
important advantage connected I M Th^^f 3 ho '° 9ram vSth the 

thetT the diffracted ,umin ° i^^^c^t^,? 6 infl K enCed by the method 
the > ho ogram designed by suitability accord inn tnlT W3S before hand defined by 

a-n =,r,w ~ ao&B5 » s ment electronic circuitrv whirh ;„ 

a-n, and processes various optical reirrfbn^mSl ■ f much P h °todetector 21 
detector expresses the height vafuo?' th« ! ,S Shown in ^awiDgA Each 
electronic circuitry finds ou ?Jhe > he?a£lJ ^ ? fOCUS T ' a nd^n^essment 
attained by the threshold of K EgE S ^ ^ the h ' ahest Power Th^ s 
the sum of all values on the strath s to the specific percentaoe of 

suitable height value Z^^J^^ exceed a tf£*£Sjh e 
accepts a suitable signal through mS^^f" 881 ^ e '^tronic circuitry 
adds them in an adder 23 and cnmnSI n from Photodetector 21 a-n anrf 

comparator 24 a-n. An enco der SX^",,?^^ with the sum in " 
to attam high pixel processing soeed £ * ?k ? S J red heiant va,u e Z. In order 
required. As amplifier 22 a n s S ^ 6 ?° d of this P ara, 'el processing is 
[0034] The outline of the focusing 1 £^^™ m ° r ^ be us * d 
gawng_5 . This has the vena-contir?f h *' 9ht,na beam 18 * shown in 
The depth of focus T is sefto \e ec£ Z entTot. ? the vena ^ntracte part 
of focal within the limits, and its beam hi? ? rf d,e ,en 9 tn of tn e lighting beam 
increasing in both direction b> r^sanU^LR 2 ° Uhe "' 9htin 9 bea ™ 18 is 
respectively. The greatest h^m meant,me at 1root2 twice as manv D a<Tthie 

depth of foc y us T. SS^SSSS 1 : ,S b t° rehand 9™ h a t^ h,S ' 
lens 6. However, other possibWtyw^ V exchan 9e of the scan objective 
mechanical motion of an obieT TnT~ ? no ? ,n a 9 re ement with a data rate waf 
Principle which — s in S^^^nn t^T 9 * the Sensor b V the ^parfocal 
application required novT^^" " y ° pt,ca,,y 9° od . K is too late to an 

535 ~ -conclary f ection itself is fully eliminated 

about 100-1000-pixel per minute A rtf.f . te reall2ed » un <" now was 
'nstemoji . tt may be raSed toi mangel n!f by !" e< " Jipment <*5 »«s 
for detector, of a space include laroa en^K™."' 6 ' As lo " 9 as 11 ls "sed 
-an,a g e in I, no, bein g ^J^^^^ tector 



STh^ [~ on, y of the location 

of photodetector21 a-n and draw.ng 155 a n nr*ll ^ 6&teCt ° r Which co ™*ts 
shown in drawinaS supplies the conimated'nnht tk ^ res P ective 'y- The laser 10 
case of the lighting which exist w^h the smafd J^ t ' 3 r9 f^ epth of focus in the 
an object 40 is changed into the comparatS JmTn ? 1 th ? ' i9htln 9 beam 1 « in 
image formation. Resolution or the 32? V Smal ' de P th of focus in the case of 
of focus range by the dMston in £ each mel^' ? ^ int ° the sma » depth 
respect the well-known optica reteSn JZ f asurement be am. It is necessary to 
distance, etc. in the ca8^<£^S2^" ^ enin9 ' reso '^ion, a focal 
higher resolution, and bSlSup^a^^'Sff ° f °P e ™ 9 brin 9 S about 
focus, and brings about a larger heia^mlJf ,n the laraer de P th of 

measuring range and resoMng oowS nT,^™ 9 range - H ° Wever ' sinca 
ratio of measurement and I h £ b eams 1« in C8Se the throat a ^a 

measuring range is 0.5mm, for example 1 9 ' S 25 3nd nei 9 nt 
may be attained. Resolution may b^raised hv ,hJ ? PJ^r of 20 micrometers 

2S2S ZttSZS^SBS™* - one direction may 

W^ssssddSssv' the 

scanning direction of th 2nd tonatZZ h A t Condition is attached to the 
beam. The height value 2 te cateS^^^" by the SCan bv the lighting 
the point of measurement of th* o^k" 1 S?r? n an ° ptical s P a cing sensor from 

- resolution: 5-microme?er p xef sca r ^£ ™ Y 5mm ,on 9itudinal direction 
wh,ch must be processed by The se nso ^rt? 7 °° f °° 37J The P ixel d *a rate 
scanned line, in the case of the atov™? ron ' c c'rcu.try in a scan, i.e., the 
Pixel data rate is set to 2. 1 MhI b^eTonZ ??? d ? ta to 4 2MHz - An ef fe<*ve 
m.rrorof 0.5. 2x106 a cond^^amSS^^ factor of the polygon 
scan speed of a pixel/second - w* 7b S S 5?- "? ° aSe ° f the avera 9 e 
250x250mm field, the conductorTuSn™ ?L V'™ 6 Decome s 20 minutes to a 
within the limits of several minutes P V " W ' th a p,ate ' te st time is 

[0038] the sensor electronic circuitry which ***** in n r ■ „ 
opbcal spacing sensor - a ratio - detector 91 a ^mgA connected to the 
and amplifier 22 a-n used here should hll 1 ' S a,SO includ ed. Photo diode 
short rise time so that fluctua fon [ st ran aol^Jf^ If 9 * dynamic ranae in the 
the front face of an object 40 1 on the nnth "? d69ree of po,e cau sed by 
Therefore, since amplifier overdamptno fe a^SlSS ft ° r °«npem«led. 

nonlinear magnification property maybe used ' * amp ' ,fier wh,cn has a 



(A) 



(51)Inta. 5 
G 0 1 B 11/00 



A 7625-2 F 



F I 



! f$H! 5 F5-240607 

(43);&8§B 5^(1993) 9^ 17 B 



(21) ai«i#^- 

(22) tBSB 

(32) &$fcB 

(33) «$fc«gr5g|S 



#S8 5 F4-248620 

^4^0992)8^246 

9 1 1 2 0 8 6 3. 5 
1991^12^ 4 B 

*-* I" 9T (AT) 



(54) Cmao«ft] '**3WflHr>* 
(57) [gj&J 

ijwi sis f a i 9 «>*&#mh tr — a i 8 oi 



C71)ttJfflA 390039413 

SIEMENS AKTIENGESEL 
LSCHAFT 

K<-y»BtWi| 8255 
4 




I52n M53 n 



-l- 



^smau^x (e) ©isaw/i^Tajttf-A 

A (l 9) J:n**i,^ W {T) w 

a (19) *»*rafc»©e-A5M*x= y h (1 
IfJ* ^ A (18) (t) ©«a» te 

^^^^^^^^^ 
(19) oi^*v>»« LT Efi$^rv^*s 

iim«s] (1 9} 

**IW**lfctt9 (I53a~ n ) oimfej^aj 

(6) ^ ■*»A^jHMMffl, wmb ,- Mtje s 



*J:WRWtf-A (is) ©BB#A*oit«Ji>ft < h 

1 1 j u>x ( 6 , iS _ ^ ^ 

imjvs i3i a* o3fe^s-coa!i^f-A ( x 

J2^i^ ******* (22a *^°n) ** 

[000 1] 
[ 0 0 0 2 J 



-2- 



[0003] l^ SS ^ S(:m 

^JSSSSSS^^ ********* 

c Visior Systems . *g) tt> -*KJ*|-J- 
1 0 0 0 6 ] f. # s l. — „ 



52^ ? 6 - fc - 

to o o 7i **am*anm (h*) 

£7!^ 2 fT * * m » lz * 9 ******* 

[ooo9j -* fc , tessssit iWt ,, 

•WWOiMite^T^SftTV^. **** - 

^iS^L*;i^ c ** 0 *^ **** 
i£*\22JL* 6 * ***** «=■«* 

j^l ^*" teaw< *'*mtt Atom 

^ : ^ 3D ^ SPICKtt. $3 89 



-3- 



■ 



IS?*"** 0 * 8 "*' «*™**t^>Ji 

[0 0 1 2J 

[0 0 13] 
[0 0 1 4 J 

******* » ^* 



>1h 



ftitfJi* 



tool?] ttBoffiijaa^ 

jo o 2 i ] AftoaMttt^cj^^.,. j. 0 



-4- 



* 



1 



[0024] ■»^«HB*« i! ^ A<)Bo - fc< 

^nrr* L< ^^ Mm* 

9 ****** ^«>W«5 

>S. T It > , n 1 



j - y-K w «) 

[0 0 2 8 J 

[0 0 2 9] @i,c tt< «it f ^^ fcSffi<0 = ft 



***** ^co^, ffi ^;^*^^j 

t*4, «l«i3fc*jRi 5 2a~n 

5 5 °' c i 9WiB * 5 ^*^^ 5 . to*2 
? if 2: ^ < u vxe * 

^ ^«,:*^ T , 5 . »2i2 

M 8 41*. BstoniJ 



-S- 



[00 3 3] 84fc tt< #»^ ffljS21a ^ lc}s 

I , » "~ h *** 1 0 0 ~ 1 0 0 0 mm*»-c 



**"*»*WWI«^ 18,. 5 

loose] B3t««t Mit5W||It _ 

7 . 5mm 

JBWf-Atta.. 0. 7 mm 
1 5 0 0 0 iHE/^ 

mm/Mggz : 700 

[00 3 8J ^lBt^ ( :^^ n , 5@4(: 
,^, a 4 ° ***** * 0 «B * 115 

S B 111 i ? * * ^ * 5 



-6- 



1 
2 
4 
5 
6 

1 0 
1 1 
1 4 
1 6 
1 7 



1 8 

1 9 

2 1 
2 2 
2 3 
2 4 
2 5 



jaw ir-* 



3 0,31 

4 0 

15 0 
1 5 1 
15 3 
15 4 

z 



&9 



[El J 



[@2] 



f®3 J 




[04] 




~l — ' — ■- 

-2-1012 



1135] 




2To o — QEJ 

: 6— • 



25 



1 OaH 

ura~lJ u 




-7- 



8028 9*7 



K-f yaE»#Sl@ 8206 9 



